Additional index words. sucrose uptake, sink strength, storage tissue Abstract. By combining the principles of density gradient separation and two phase partitioning, we devised a system to obtain highly pure plasmalemma and tonoplast vesicles from citrus (Citrus limettioides Tan.) juice cells. Both tonoplast and plasmalemma fractions were virtually free from golgi, endoplasmic reticulum and mitochondria contamination. Plasmalemma and tonoplast samples were also clean from each other cross-contaminants. Immediately after isolation, 72% of the plasmalemma and 82% of the tonoplast vesicles were oriented rightside-out according to enzyme marker activities. After freezing and thawing, however, plasmalemma vesicles re-oriented evenly but orientation of tonoplast vesicles remained unchanged. Differential changes in marker activities before and after freezing and thawing indicated that the low levels of plasmalemma contamination within the tonoplast fractions were due to the presence of a separate population of plasmalemma vesicles and not to the existence of hybrid vesicles. The method described in this communication allows for future studies on photoassimilate accumulation in cells of important horticultural storage organs.
Materials and Methods

Palestine sweet limes (Citrus limettioides
Tan.) were collected from groves located at the Citrus Research and Education Center in Lake Alfred, Fla. A total of 150 mL of juice from fi ve different fruits were combined with 150 mL of a buffered solution containing 0.5 M 3- [NMorpholino] propane-sulfonic acid (MOPS)/ KOH (pH 8.0), 1.5% polyvinyl-pyrrolidonee-40 (PVP-40), 2 mM dithiothrietol (DTT), 3.5 mM ethylenediaminetetra-acetic acid (EDTA), 250 mM sucrose, 0.1% bovine serum albumin (BSA), and 1 mM phenylmethanesulfonyl fl uoride (PMSF). The homogenate was squeezed through two layers of cheesecloth and centrifuged at 10,000 g n for 10 min. The supernatant was centrifuged at 65,000 g n for 30 min, and the pellet (P 1 ) was set aside for plasmalemma purifi cation. The remaining supernatant was centrifuged once again at 100,000 g n for an additional 60 min and the pellet (P 2 ) used for tonoplast purifi cation.
Results and Discussion
The initial centrifugation step of the buffered juice extract eliminated debris and virtually all mitochondria contamination as shown in Table 1 . For further plasmalemma isolation, P 1 was re-suspended in 10 mL of 330 mM sucrose, 3 mM KCl and 4 mM KHPO 4 (pH 7.8). The suspension was combined with 27.0 g "phase mixture" at 1:3 ratio of dextranpolyethylene glycol as described by Larsson et al. (1987) . Plasmalemma isolation by two phase partitioning, which separates membranes according to surface properties, was carried out following the method of Larsson et al. (1987) except that the membrane sample in the upper PEG layer was ultimately re-suspended in 500 µL of 10 mM Bis-tris propane (BTP)/Mes (pH 7.5), 2 mM DTT and 250 mM sorbitol. After resuspension, a highly pure plasmalemma fraction was obtained (Table 1) . The plasmalemma fraction was virtually free of tonoplast, mitochondria and ER, and contained only 13% contamination with dictyosome (Table 1) . Degree of plasmalemma purity was calculated using NADH oxidase as plasmalemma marker given that citrus juice cells contain a vanadate sensitive V-ATPase (Brune et al., 2002; Müller et al., 1996 Müller et al., , 1997 , which would have underestimated purity if if P-ATPase were used as marker instead.
To further purify the tonoplast fraction, P 2 was re-suspended in 10 mL of a solution containing 50 mM BTP/Mes (pH 7.6), 100 mM KCl, 150 mM sucrose, and 2 mM DTT. The suspension was layered on 25.0 mL sucrose cushion of 17% sucrose in 10 mM BTP/Mes (pH 7.6), 2 mM DTT, 10% glycerol and 20 mM KCl. The tubes were centrifuged at 100,000 g n for 1 h. After centrifugation, the membrane interface on top of the cushion was collected, diluted step resides at the plasmalemma. A similar situation was reported for tomato (Lycopersicum esculentum Mill.) pericarp (Milner et al., 1995) , where the lack of active sucrose transport at the tonoplast implicated the plasmalemma as the accumulating barrier. This conjecture was later confi rmed by the use of protoplasts (Ruan et al., 1997) . A most intriguing example is that of sugarcane (Saccharum offi cinarum ssp.), which stores sucrose at concentrations of over 500 mM, but no active sucrose carrier has been found at the tonoplast (Presser and Komor, 1991) .
In instances where active photoassimilate transport systems have been identifi ed at the tonoplast, no corresponding information has been presented concerning transport across the plasmalemma. In apple fruit (Malus pumila Mill.), transport of sorbitol into the vacuole appears to be ATP-dependent (Yamaki, 1987) , but no detail on how sorbitol enters the cell was provided. A similar situation is encountered for sucrose transport into red beet (Beta vulgaris L.) hypocotyl (Getz, 1991) and stachyose accumulation in tubers of Stachys sieboldii Miq. (Keller, 1992) .
A primary reason for the lack of complementary data on plasmalemma and tonoplast transport is the inadequacy of existing methods in generating, from the same sample, useful membranes fractions for dual analyses of both tonoplast and plasmalemma. Our current efforts to understand photoassimilates uptake into citrus juice cells prompted us to design a system for the isolation of tonoplast and plasmalemma by combining existing principles of density gradient and two phase partition. Previous attempts to separate tonoplast and Transport of photoassimilates to the storage cells of developing terminal organs, such as fruits and tubers, is an important sink activity that can take several routes depending on the developmental stage (Patrick, 1997) . Assimilates can move either symplastically through the plasmodesmata, or apoplastically through the cell wall. In the apoplastic route, solutes are presumably transferred from the apoplast and eventually into the vacuole through a series of channels, pumps and transporters located at both the plasmalemma and tonoplast. Various of these transporters have been well characterized, and include ions channels, pumps, and secondary active carbohydrate transporters (Barkla and Pantoja, 1996; Maathuis and Sanders, 1999; Martinoia et al., 2000) . However, most studies on photoassimilate transport have been conducted with only one membrane system (plasmalemma or tonoplast), a situation that prevents a complete assessment and understanding of the overall processes of solute accumulation into the cell, and hence, plant productivity. In many cells where sucrose is believed to accumulate in the vacuole against a concentration gradient, active transport mechanisms have not often been found. For example, in sweet lime (Citrus limettioides Tan.), an active transport system for sucrose uptake at the tonoplast was not detected (Echeverria et al., 1997) suggesting that the sucrose accumulating 10× with 10 mM BTP/Mes (pH 7.5), 20 mM KCl and 2 mM DTT and centrifuged again for 60 min at 113,000 g n . Final re-suspension of the membrane pellet was done in 500 µL of 10 mM BTP/Mes (pH 7.5), 2 mM DTT and 250 mM sorbitol. This procedure resulted in a tonoplast fraction free of mitochondria and containing low levels of Golgi and ER contaminants (Table 1 ). The presence of plasmalemma marker activity in this fraction was unexpected, given the great difference in membrane densities. However, based on recent reports of rapid membrane vesicle traffi cking from the plasmalemma to the vacuole, plasmalemma markers would be expected at the tonoplast of importing cells (Emans et al., 2002) . Final recovery was 8.4% for plasmalemma and 15.6% for tonoplast, respectively.
Membrane sidedness was estimated for both plasmalemma and tonoplast using NADH oxidase and V-PPiase as markers, respectively. The enzymes were assayed in the presence and absence of n-dodecyl β-D-maltoside at a fi nal concentration of 100 µM. Immediately after isolation, plasmalemma vesicles were ≈72% right side out; however, the orientation equilibrated to ≈50% after only one freeze/thaw cycle (Table 2) . Our results are in accordance with those of Robbins et al. (1999) in which plasmalemma vesicles were predominantly right side out after isolation but randomized after freezing and thawing. Tonoplast vesicles were oriented ≈82% right side out after isolation, a property that remained unchanged after freezing and thawing (Table 2) .
Given the differential capacity of each membrane system to turn inside out, it was then possible to determine whether different enzyme markers are simultaneously present in one population of hybrid vesicles, or whether the tonoplast fraction is made up of a mixed vesicle population. To fi nd out the nature of the contamination within the tonoplast sample (plasmalemma was virtually free of tonoplast contamination), we measured changes in marker activities in freshly isolated membranes and after three freeze/thaw cycles. If the relative activity of the two markers enzymes remain the same after freeze and thawing, one would expect the two enzymes to be on the same vesicles. On the contrary, if NADH oxidase activity decreases relative to bafi lomycin-A sensitive ATPase, one would conclude that two populations of membranes are present. As indicated in Table 3 , NADH oxidase activity decreased 39% whereas bafi lomycin-A sensitive ATPase declined <6%. From these data it is concluded that NADH oxidase and bafi lomycin-A sensitive ATPase are not co-localized in hybrid vesicles but instead, they are present in separate membrane populations.
Since plasmalemma contamination within the tonoplast sample is present as a separate vesicle population, subjecting tonoplast samples to a two-phase partitioning treatment should reduce plasmalemma inclusion. After one wash through two-phase partitioning, NADH oxidase activity in the tonoplast was further reduced by 25% (Table 4 ). The fact that the specifi c activity of bafi lomycin-A sensitive ATPase increased after treatment corroborates the observation that both marker enzymes were localized in different populations. Therefore, considering an initial purity of 85% with respect to plasmalemma, a tonoplast sample subjected to an additional two-phase partitioning will be at least 90% free of plasmalemma. Production of mostly right-side out highly pure membranes is an invaluable tool in transport and receptor studies.
The method described in this communication produces highly pure tonoplast and plasmalemma fractions from Citrus juice cells competent for transport experiments. Based on the general similarities in membrane properties between plant species, this system is potentially valuable in membrane isolation of other agronomic plants. Table 1 . Activities of marker enzymes in membrane samples isolated as described above. The data are the average of three replicates. Standard of error (SE) did not exceed ± 9%. Enzymes were assayed as follow: ATPase (Marsh et al., 2001) . Cytochrome-c oxidase and reductase (Larsson et al., 1987) . NADH-oxidase (Hadzi-Taskovic and Vuletic, 1998) , UDPase (Joyce et al., 1988 Microsomal pellet describes a membrane sample obtained by centrifuging the initial supernatant at 100,000 g n for 1.5 h. The sample contains all endomembrane systems, and activities of individual enzymes in this sample are considered as 100%. y Enzyme activities given in units; 1 unit = µmol/min per fraction. Table 2 . Sidedness of tonoplast and plasmalemma fractions tested rapidly after isolation and after one cycle of freezing and thawing. Enzymes were assayed in the presence and absence of 10µM n-dodecyl ß-D-maltoside and expressed in µmol·mg -1 per minute prot. Percent sidedness was estimated using the activity in the presence of n-dodecyl ß-D-maltoside as 100%. Standard of error (SE) did not exceed ± 9%. PPase was measured according to Marsh et al (2001) . 
